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The development of the otic placode is believed to depend on an inductive signal from the adjacent hindbrain. A candidate
for this signal is FGF-3 (Int-2), which is expressed in the hindbrain adjacent to the future ear in rhombomeres 5 and 6 (r5
and r6). However, in vitro tests (Represa et al. (1991), Nature 353, 561±563) con¯ict with ®ndings from FGF-3 knockout
mice (Mansour et al. (1993), Development 117, 13±28). The former suggest that FGF-3 from the hindbrain is required to
induce formation of the otocyst, while the latter imply that FGF-3 is required only in the later process of otocyst differentia-
tion. We ®nd that in normal embryos at early stages the gene is expressed not only in r5 and r6, but also in most of the
hindbrain anterior to this and in the head ectoderm in the prospective otic placode region. In kreisler mutant embryos,
however, there is no heightened expression in r5 and r6, but the early patch of expression in the prospective otic placode
ectoderm is still seen and the otic vesicle still forms at nearly the normal place. Subsequent malformations of the inner
ear in kreisler and in FGF-3 knockout mice are similar, involving failure of the development of the endolymphatic
appendage. These ®ndings argue that FGF-3 is not required as an inductive signal for invagination of the otic placode to
form a vesicle, whose future site is already marked out independently of any localized FGF-3 signal from r5 and r6. FGF-
3 does, however, appear to be required for a correct pattern of differentiation within the vesicle. q 1996 Academic Press, Inc.
INTRODUCTION and dictating where the inner ear should form (Wilkinson
et al., 1988).
Two widely quoted papers have reported tests of the roleThe inner ear develops from the otic vesicle, which itself
of FGF-3 in ear induction and have come to starkly con¯ict-is formed by the invagination of a placodeÐan ectodermal
ing conclusions. Represa et al. (1991) treated cocultures ofthickening on the side of the head of the vertebrate embryo,
chick hindbrain plus otic placode with reagents targetednext to the hindbrain, at the level of rhombomeres 5 and 6
against FGF-3Ðeither antisense oligonucleotides based on(r5 and r6). It was long ago suggested that the inner ear is
the human FGF-3 sequence or antibodiesÐand reportedinduced by a signal from the adjacent hindbrain tissue
that these treatments prevented formation of otic vesicles.(Stone, 1931; Harrison, 1935). More recently, the proto-on-
They argued, on this basis, that FGF-3 from the hindbraincogene FGF-3 (previously known as int-2 (Dickson et al.,
was necessary for induction of otic vesicles. Mansour et al.1989)) was found to be expressed in rhombomeres 5 and 6
(1993) used homologous recombination to create mutantat just the time when the inner ear is starting to form (Wil-
mice in which the FGF-3 gene was inactivated. They found,kinson et al., 1988). Since FGF-3 protein is a member of a
in contrast to Represa et al., that the otic vesicles stillfamily of growth factors implicated in cell±cell signaling in
formed and in their normal place; these otic vesicles, how-many other contexts (Dickson et al., 1989; Gospodarowicz,
ever, often lacked the endolymphatic sac and duct and1987), this suggested that FGF-3 might be the postulated
showed deformities in their subsequent growth. From thissignal, originating from a speci®c region of the hindbrain
it was argued that FGF-3 is not necessary for the induction
of otocysts but is necessary for regulation of speci®c details
of inner ear patterning, in particular the formation of the1 To whom correspondence should be addressed. E-mail: LEWIS-
@ICRF.ICNET.UK. endolymphatic appendages.
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In this paper, we tackle the issue in a third way, by exam- In the kreisler mutant, there is again expression both in
almost the whole hindbrain rudiment and in a restrictedining the expression patterns of FGF-3 more closely, com-
paring normal embryos with kreisler mutants in which region of the surface ectoderm corresponding to the future
otic placode, but no region of increased expression ever de-rhombomeres 5 and 6 of the hindbrain are defective and the
inner ear develops abnormally (Hertwig, 1944; Deol, 1964; velops in the hindbrain at the level of rhombomeres 5 and
6. The early localized expression in the prospective placodeRuben, 1973; Frohman et al., 1993; McKay et al., 1994). In
normal animals, we ®nd that at ®rst FGF-3 is expressed in region is nevertheless seen as in the wild type, and the otic
vesicle forms at very nearly the normal location (McKay etvery nearly the whole of the hindbrain rudiment. Only later,
as the otic placode begins to be visible, does the hindbrain al., 1994; but see also Frohman et al., 1993). Subsequently,
the otic vesicle develops malformations similar to thoseexpression become restricted to rhombomeres 5 and 6. Al-
ready at the early stage, however, there is also FGF-3 expres- seen in Mansour et al.'s FGF-3 knockout mice (Hertwig,
1944; Deol, 1964). These observations argue against the hy-sion in the surface ectoderm of the head, and this is re-
stricted to a region corresponding roughly to the site of the pothesis that FGF-3 from rhombomeres 5 and 6 is required
as an inductive signal to determine where the otic vesiclefuture placode, marking it out as different from the rest of
the head ectoderm. shall form. Rather, they accord well with and re®ne the
FIG. 1. Pattern of FGF-3 expression in wild-type embryos. (A) Whole-mount in situ of the head of a 5-somite embryo showing expression
in the developing hindbrain and in the surface ectoderm (arrow). (B) Whole-mount in situ of the head of a 9-somite embryo showing
widespread expression throughout the hindbrain. Expression is up-regulated in the posterior hindbrain and is also evident in the adjacent
surface ectoderm (arrow), in the prospective region of the otic placode. (C) Transverse section of a 10-somite embryo at the level of the
developing otic placode (labeled O). Note the registration in the expression domains of FGF-3 between the ectoderm and endoderm at the
level of the branchial cleft (labeled BC). (D) Parasagittal section of a 10-somite embryo, showing the registration in the expression domains
of FGF-3 between the endoderm of the pharynx and the neural tube (arrows). (E) Transverse section of a 13-somite embryo, at the level
of the developing otic placode. Expression is evident within the hindbrain while there is little if any detectable expression within the
otic placode (arrow). (F) Horizontal section showing the expression in the hindbrain in a 14-somite embryo. Expression is highest in
rhombomeres 5 and 6 adjacent to the invaginating otic placode (delimited by arrows). Scale bars, 100 mm. Note that for sectioned material
autoradiographic silver grains appear red.
FIG. 2. Pattern of FGF-3 expression in wild-type embryos. (A) Whole-mount in situ of a 20-somite embryo viewed laterally. Expression
is evident in the hindbrain (labeled Hb), the endoderm of the pharyngeal pouches, and the forebrain (labeled Fb). (B) Whole-mount in situ
of the same embryo in A, viewed dorsally. Expression in the hindbrain is restricted to r5 and r6. The more lateral domains of expression
that can be seen are located in the underlying ®rst and second pharyngeal pouches. (C) Whole-mount in situ of an E10.25 embryo, viewed
laterally. Expression can be seen in the ®rst three pharyngeal pouches and more weakly in the otic epithelium. There is also weak
expression outside the otocyst in the developing vestibuloacoustic ganglion (arrow). Expression in the hindbrain is no longer detectable,
by this stage. (D) Transverse section of a whole-mount in situ cut at the rostral end of the otocyst of a E10 embryo showing expression
in the otic epithelium and in the developing vestibuloacoustic ganglion (arrow). The apparent dorsoventral restriction of expression within
the hindbrain is an effect of the plane of section. Note that autoradiographic silver grains appear red. Scale bars: A and B, 200 mm; C and
D, 100 mm.
FIG. 3. Pattern of FGF-3 expression in early kreisler embryos revealed by whole-mount in situs. (A) Dorsal view of a 10-somite embryo
showing the wild-type pattern of FGF-3 expression. This embryo is assumed to be a heterozygous kreisler embryo since it resembles the
wild-type pattern with increased levels of expression in the posterior hindbrain (arrow). (B) Dorsal view of a 10-somite embryo showing
an abnormal pattern of FGF-3 expression. Although of unknown genotype (either kr// or kr/kr), since it lacks increased levels of expression
in the posterior hindbrain (arrow) as seen in the wild-type, it is assumed to be a homozygous kreisler embryo. (C) Lateral view of a 20-
somite heterozygous kreisler embryo showing the pattern of FGF-3 expression by whole-mount in situ hybridization. The patch of
expression visible dorsally lies in the hindbrain beneath the otocyst. In all respects the pattern of expression resembles that seen in wild-
type embryos at this stage. (D) Lateral view of a 20-somite homozygous kreisler embryo showing the pattern of expression by whole-
mount in situ hybridization. The pattern resembles that seen in wild-type or heterozygous kreisler embryos except for the complete
absence of expression in the hindbrain. Scale bar, 200 mm.
FIG. 4. Pattern of FGF-3 expression during otocyst development in kreisler embryos. (A) Lateral view of a heterozygous kreisler embryo
showing the wild-type pattern of FGF-3 expression at 25 somites. Expression is clearly visible in the anteroventral portion of the otocyst
and in the adjacent developing vestibuloacoustic ganglion (arrow). (B) Lateral view of a homozygous kreisler embryo showing an abnormal
pattern of FGF-3 expression at 25 somites within the developing otocyst. Expression is clearly visible in the anteroventral portion of the
otocyst but is reduced in size and intensity, while there is no evidence of expression in the developing vestibuloacoustic ganglion. (C)
Transverse vibratome section of a 25-somite heterozygous kreisler embryo showing the wild-type pattern of FGF-3 expression. Expression
is seen both within the lateral part of the otic epithelium and more medially in the developing vestibuloacoustic ganglion (arrow). (D)
Transverse vibratome section of a 25-somite homozygous kreisler embryo showing an altered pattern of FGF-3 expression. Expression is
seen in spread over the anterior and medial portion of the otocyst (in the plane of section on the left and the right, respectively); there is
no obvious expression at the site of the developing vestibuloacoustic ganglion. Scale bars, 100 mm.
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®ndings of Mansour et al. (1993) from their knockout mice: we focus here on the region of the hindbrain and the inner
ear rudiments.FGF-3 has a role in inner ear development, but at later
stages, following its induction.
The Normal Pattern of FGF-3 Expression
The earliest stage examined was that of about 5 somitesMATERIALS AND METHODS
(E8.0) (Fig. 1A). In the developing head, expression is seen
within a large portion of the hindbrain, although the exact
The kreisler mice were from Jackson Laboratories, and
extent of this domain is dif®cult to assess at this stage in
the stock was maintained by outcrossing homozygous
the absence of clear morphological landmarks. At this early
kreisler males with F1 hybrids between CBA and C3H/He
stage, expression is also seen in the dorsal head ectoderm,
mice. Heterozygous progeny of such matings were mated
in a more restricted region, level with the posterior part of
with one another, or sometimes with stud male homozy-
the hindbrain domain. In the dorsoventral axis the expres-
gotes, to produce more homozygotes. (The kreisler mice
sion in the ectoderm extends from a dorsal-most limit at
cannot be maintained as a homozygous stock since homozy-
the junction with the neural crest (which appears unlabeled)
gous females do not breed, and repeated outcrossing is re-
to a ventral-most limit roughly alongside the foregut.
quired to produce stud males that will breed vigorously.)
By the 9-somite stage (Figs. 1B and 1C), the otic placodeThe kreisler (kr) mutation lies on chromosome 2 close to
has become identi®able as a thickening of the ectoderm,the agouti, Src, and wellhaarig loci (Lyon and Searle, 1990)
while the general pattern of FGF-3 expression is essentiallyand was kept in linkage with non-agouti and wellhaarig
unchanged. It is now evident that the expression domain
alleles to facilitate selection. Homozygous kreisler embryos
in the head surface ectoderm includes the developing otic
were obtained from timed matings between heterozygotes
placode and probably some of its immediate neighborhood.
or between homozygous males and heterozygous females;
By the 13-somite stage (Fig. 1E), when the otic placode has
the morning on which a vaginal plug was detected was des-
invaginated to form a shallow cup, the expression in this
ignated E0.5. Timed matings between CBA and C3H/He
patch of ectoderm has begun to fade, and only the ventral-
mice provided homozygous wild-type (///) control em-
most portion of the cup still shows expression. By the 14-
bryos; heterozygous control embryos were littermates of
to 16-somite stage, no expression in the otic rudiment is
homozygous kreislers.
visible.
For in situ hybridization on sections, we followed the
While these changes are occurring within the placodal
autoradiographic protocol of Wilkinson and Green (1991),
ectoderm, within the hindbrain the initially broad domainusing 35S-labeled antisense RNA probes. The probe for FGF-
persists and becomes more clearly de®ned: at around the 9-3 was a gift of D. Wilkinson (MRC, Mill Hill) consisting of
somite stage, expression can be seen to extend from the0.5 kb of untranslated 3 * mRNA, designated FGF-3g probe.
midbrain±hindbrain junction down to rhombomere 6 (Fig.
This probe recognizes all the transcripts of FGF-3 (Mansour
1B). The expression in the anterior hindbrain is somewhat
and Martin, 1988; Moore et al., 1986). Slides were exposed
diffuse and is clearly at a much lower level than in rhombo-
for 7±9 days before developing. For photography, the autora-
meres 5 and 6, where expression is up-regulated. The wide-
diographs were viewed on a Bio-Rad confocal-scanning mi-
spread expression in the anterior hindbrain soon fades out
croscope in transmission mode, and dark-®eld and bright-
completely, so that from the 14-somite stage expression is
®eld images were superimposed electronically.
detectable only in rhombomeres 5 and 6 (Fig. 1F). At this
Whole-mount in situ hybridizations were according to
site expression persists until about the 20-somite stage, re-
the protocol of Wilkinson (1992). Stained embryos were
maining longest in a stripe in the caudal portion of rhom-
cleared in glycerol before being photographed. In some
bomere 6.
cases, the embryos were embedded in gelatine±albumin
From about 25 somites onward, expression becomes de-after in situ hybridization and sectioned with a vibratome
tectable once again in the otic epithelium, where it is local-at a thickness of 50 mm.
ized to the rostroventrolateral portion of the otocyst (Fig.
2C). This expression appears to represent a reactivation of
the gene, since no expression can be seen in the otic epithe-
RESULTS lium between 16 and 25 somites. The domain of FGF-3
expression in the otic epithelium coincides with the region
from which neurones of the vestibuloacoustic ganglion areOur analysis of FGF-3 expression in both normal and
kreisler mutant embryos is based upon 29 serially sectioned derived (Carney and Silver, 1983). The association between
FGF-3 expression and neurogenesis is strengthened by theand 105 whole-mount specimens in which the pattern of
FGF-3 expression could be clearly discerned. In many in- expression of FGF-3 in the developing vestibuloacoustic
ganglion (Fig. 2D). Expression in the ganglion is presentstances a combination of sectioned and whole-mount mate-
rial was needed to de®ne the spatial limits of FGF-3 expres- from the 25- to the 30-somite stage, while expression in the
otic epithelium is signi®cantly reduced (but not entirelysion. Expression of the gene was seen in several sites, but
Copyright q 1996 by Academic Press, Inc. All rights of reproduction in any form reserved.
/ m4592f8078 02-26-96 08:48:03 dbas Dev Bio
375FGF-3 and Induction of the Inner Ear
lost) by the 35-somite stage. It has previously been reported the homozygous kreisler mutant embryos until about E10.
At this stage, expression normally becomes evident in thethat in the inner ear of E17.5 embryos FGF-3 is expressed in
six separate domains, coinciding with the sensory patches otic epithelium (Fig. 4A). The homozygous kreisler embryos
also switch on FGF-3 expression in the otic epithelium atwhere hair cells are located (Wilkinson et al., 1989). We
have con®rmed this ®nding, but we have not determined this stage, but the domain is misplaced: instead of lying as
usual in the anteroventrolateral wall of the otocyst, it lieswhether there is continuous expression of FGF-3 in the otic
epithelium between E10 and E17.5; therefore, the relation- in the anteroventromedial wall (Fig. 4B). Moreover, no ex-
pression could be seen in the vestibuloacoustic ganglion ofship between the single patch seen at E10 and the six sepa-
rate domains seen by E17.5 remains unknown. the homozygous kreisler embryos. These peculiarities were
evident both in a lateral view (Figs. 4A and 4B) and in trans-
verse vibratome sections (Figs. 4C and 4D).
Expression in the kreisler Mutant
FGF-3 expression in heterozygous kreisler embryos ap- FGF-3 Expression in Sites Other than Hindbrain
pears identical to that seen in wild-type controls. In homo- and Otic Epithelium
zygous kreisler mutant embryos many parts of the pattern At all sites other than those described above, the pattern
of expression appear normal, but some other parts of the of FGF-3 expression in kreisler homozygotes is indistin-
pattern of FGF-3 expression are signi®cantly altered. guishable from normal. Thus in the mutants, exactly as in
To examine the pattern of FGF-3 expression, we per- the wild type, we see FGF-3 expressed in the endoderm
formed in situ hybridization on mixed litters of homozy- lining the ends of the pharyngeal pouches (Figs. 1C, 2A, 2B,
gous and heterozygous kreisler embryos from matings of 2C, 3A, 3B, and 3C), in the tail bud (Figs. 3C and 3D), and
adult kreisler homozygotes with heterozygotes. At the earli- in the extreme rostral forebrain (Figs. 2A, 3C, and 3D). In
est stages examined it is impossible to distinguish between particular, the pharyngeal domains, which lie close to the
homozygous and heterozygous embryos on the basis of their hindbrain and are normally aligned rostrocaudally with the
morphology. It only becomes possible to determine the ge- rhombomere 5/6 domain in the neural tube (Fig. 1D), appear
notype of individual embryos by morphological criteria normal even though in the mutants this hindbrain domain
once they have at least 12 somites. Among the youngest is absent.
embryos examined (with 1±6 somites), no variation in the
pattern of FGF-3 expression could be seen. All (8/8) showed
DISCUSSIONthe wild-type pattern of expression, with diffuse staining
throughout the hindbrain. Expression in the surface ecto-
The work of Represa et al. (1991) on the role of FGF-3 inderm of the head became apparent from about the 5-somite
ear development has become widely cited as one of the fewstage and appeared to be a consistent feature, displayed by
well-de®ned examples of embryonic induction. The ®nd-all the embryos (7/7 cases) and exactly matching wild-type
ings of Mansour et al. (1993) with FGF-3 knockout micecontrols of the same stage. Only at slightly later stages (7±
have, however, called into question the role of FGF-3 as an11 somites) did we begin to ®nd some embryos that differed
ear inducer; they imply that FGF-3 is not required for oto-from the wild-type pattern. Normally, as we noted above,
cyst induction but plays a role in later development of theFGF-3 expression becomes up-regulated within the caudal
inner ear. The knockout phenotype leaves it unclear whichpart of the broad hindbrain expression domain. However,
of a number of normal sites of FGF-3 expression are im-only 10/17 embryos from the kreisler matings showed this
portant for these later effects. We have shown that in thewild-type pattern; these embryos we believe to be kreisler
kreisler mutant mouse the developing hindbrain and innerheterozygotes (Fig. 3A). The other 7/17 embryos were differ-
ear are perturbed in a way that provides an alternative testent, and we believe them to be kreisler homozygotes. They
of the role of FGF-3. To extract the message that is implicitfailed to show the intense expression in the caudal hind-
in the kreisler phenotype, we have examined the expressionbrain, but retained the more diffuse expression in the rostral
pattern of FGF-3 in the neighborhood of the developing ear,hindbrain as well as the ectodermal domain of expression
both in kreisler itself and in the wild type. Detailed exami-in the prospective otic region (Fig. 3B).
nation of this region has revealed some features of the nor-From the 12-somite stage onward, homozygous kreisler
mal as well as the mutant FGF-3 expression pattern thatembryos can be identi®ed by their morphology. In
were not noted in previous general descriptions of FGF-3agreement with the observations at the previous stage, they
expression (Wilkinson 1988, 1989) and that are highly rele-differ from their heterozygous littermates in their pattern
vant to the question of ear induction.of FGF-3 expression (compare Figs. 3C and 3D): whereas
heterozygotes and wild-type embryos retain FGF-3 expres-
FGF-3 from the Adjacent Hindbrain Is Not thesion in rhombomeres 5 and 6 after it is down-regulated in
Signal That De®nes the Site of Otocyst Formationthe anterior hindbrain, homozygous kreisler embryos do not
retain any FGF-3 expression in the hindbrain. In all other We have found, ®rst of all, that FGF-3 is normally ex-
pressed in the surface ectoderm of the head in the prospec-respects the domains of FGF-3 expression appear normal in
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tive otic region, starting before there is any morphological the ``ectopic'' expression reported by Frohman et al. (1993)
may actually be entirely normalÐthe last vestige of thesign of an otic placode and continuing up to otic cup stages.
This by itself means that the experiments of Represa et al. widespread but transient expression of FGF-3 that we see
in the anterior hindbrain at slightly earlier stages (E8.5-9),(1991) are open to an alternative explanation. Represa et al.
(1991) reported that invagination of the otic placode to form no matter whether the embryo is wild type, heterozygous
kreisler, or homozygous kreisler.the otocyst could be prevented, in explants of hindbrain plus
head ectoderm in vitro, by treatment either with antisense If FGF-3 from the adjacent hindbrain is not the signal that
de®nes the site of otocyst formation, what does de®ne thisoligonucleotides targeted against the FGF-3 mRNA or with
an antibody to FGF-3 (for a technical critique, see Mahmood site? Although we have no answer to this question, we have
at least identi®ed a very early biochemical marker of theet al. (1995)). The same consequence was seen when the
developing placode was physically separated from the hind- site: the ectoderm that will form the otocyst already has a
special character, as indicated by its expression of FGF-3,brain. From this it was concluded that FGF-3 protein from
the hindbrain is required to induce the formation of an otic before the placodal thickening is apparent. Moreover, the
kreisler embryonic phenotype indicates that assignment ofvesicle from the head ectoderm adjacent to the hindbrain.
But if, as we have shown for the mouse, FGF-3 is expressed this character does not depend on FGF-3 from the hindbrain.
at the relevant stages in the otic epithelium itself, the ef-
fects of interference with FGF-3 might re¯ect an autocrine FGF-3, Probably from the Hindbrain, Is Requiredrole for FGF-3 produced by the otic epithelium, rather than
for Correct Detailed Patterning of the Otocystan inductive role for FGF-3 produced by the hindbrain: the
experiments of Represa et al. cannot distinguish. Factors The inner ear of the kreisler mutant, although it origi-
nates in very nearly the right place (McKay et al., 1994),other than FGF-3 could very plausibly explain the effects
of physically separating the otic placode from the hindbrain. proceeds to develop in an abnormal way: it generally lacks
an endolymphatic sac and duct and becomes cystically en-There still remains, however, a direct con¯ict of Represa
et al.'s results with the ®ndings of Mansour et al. (1993), larged and deformed (Hertwig, 1944; Deol, 1964). Similar
deformities are seen in the FGF-3 knockout mouse (Man-who knocked out the FGF-3 gene in mice by homologous
recombination and saw that the otocyst still formed even sour et al., 1993). This suggests that the abnormalities of
FGF-3 expression in the kreisler mutantÐeither those wethough the protein was presumably absent from all its nor-
mal sites of expression. We have shown that the kreisler see in the hindbrain or those we see in the otocyst itselfÐ
might be responsible for some or all of the defects of themutant mouse embryo, though it expresses FGF-3, fails to
express it with the usual heightened intensity in the hind- kreisler inner ear.
The interpretation that we favor is that FGF-3 expressionbrain next to the otic placode. The otocyst nevertheless
forms at very nearly the normal site (McKay et al., 1994; in rhombomeres 5 and 6 is necessary for the normal develop-
ment of the endolymphatic duct and sac. This interpreta-but see also Frohman et al., 1993). We deduce, in agreement
with Mansour et al., that localized expression of FGF-3 in tion is supported by the extensive literature ascribing a role
to the hindbrain in the development of the inner ear. Whilea part of the hindbrain cannot be the means of localizing
the formation of the otocyst, in the mouse at least. Of the evidence that the hindbrain is required to induce otocyst
formation is debatable (Yntema, 1955; Jacobson, 1966),course, the chick embryo might do things differently and
make use of FGF-3 from the hindbrain as Represa et al. there is good evidence for a general growth-promoting effect
during the later differentiation of the otocyst (Detwiler andpropose; but Mahmood et al. (1995) have argued against this
from their studies of FGF-3 expression in the chick embryo. Van Dyke, 1950). Moreover, the same theory, invoking FGF-
3 from the hindbrain, can neatly accommodate a furtherThe pattern of FGF-3 expression in the kreisler mutant
has been independently examined by Frohman et al. (1993). observation: mice homozygous for a targeted disruption of
the Hoxa-1 gene (Lufkin et al., 1991; Chisaka et al., 1992;They, like us, report an absence of the normal domain of
expression in the region of the hindbrain adjacent to the Mark et al., 1993; DolleÂ et al., 1993) also show ear abnormal-
ities rather similar to those seen in kreisler. The pattern ofdeveloping inner ear. However, they also report that kreisler
expresses FGF-3 ectopically, in the more rostral hindbrain FGF-3 expression has been examined in these mice and is
again found to be altered in the hindbrain (Carpenter et al.,within rhombomeres 4, 3, 2, and possibly 1. This was inter-
preted as a consequence of the anterior hindbrain acquiring 1993)Ðspeci®cally, the normal domain of FGF-3 in r5 and
r6 is reduced to half its normal rostrocaudal dimensions.more posterior characteristics (Frohman et al., 1993). At
®rst sight, these results appear at odds with our present The kreisler gene has recently been cloned and has been
found to be a bZIP transcription factor related to c-mafobservations and with our published interpretation of the
kreisler phenotype (McKay et al., 1994). We never see such (Cordes and Barsh, 1994). The kreisler gene is normally ex-
pressed in r5 and the rostral part of r6, but in homozygousectopic expression in mutant kreisler embryos at E9.5 and
we maintain that tissue with the character of r5 and r6 is kreisler embryos gene expression is absent from the hind-
brain, whose development in this region is drastically al-absent from the hindbrain. Our results from younger em-
bryos may solve this apparent con¯ict. It is possible that tered. No expression of the kreisler gene is seen in the nor-
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placodal and neural crest cells to avian cranial ganglia. Am. J.mal developing inner ear, which provides yet another indi-
Anat. 166, 445±468.cation that the defective development of the inner ear is
Deol, M. S. (1964). The abnormalities of the inner ear in kreislerprobably secondary to defects in the hindbrain.
mice. J. Embryol. Exp. Morphol. 12, 475±490.We cannot, of course, exclude the possibility that some
Detwiler, S. R., and Van Dyke, R. H. (1950). The role of the medullaof the inner ear abnormalities in kreisler mutants arise from
in the differentiation of the otic vesicle. J. Exp. Zool. 113, 179±causes other than disturbances of FGF-3; nor can we exclude
199.
effects of the misplacement of FGF-3 expression in the oto-
Dickson, C., Deed, R., Dixon, M., and Peters, G. (1989). The struc-
cyst itself. The expression of FGF-3 in the developing vesti- ture and function of the int-2 oncogene. Prog. Growth Factor
buloacoustic ganglionÐpreviously unreportedÐand in the Res. 1, 123±132.
portion of otic epithelium from which it derives (D'Amico- DolleÂ , P., Lufkin, T., Krumlauf, R., Mark, M., Duboule, D., and
Martel and Noden, 1983; Carney and Silver, 1983; Carney Chambon, P. (1993). Local alterations of Krox-20 and Hox gene
and CouveÂ, 1989) suggests a direct role for FGF-3 in the expression in the hindbrain suggest lack of rhombomeres 4 and
5 in homozygote null Hoxa-1 (Hox-1.6) mutant embryos. Proc.normal development of these structures. And indeed, the
Natl. Acad. Sci. USA 90, 7666±7670.vestibuloacoustic ganglion is reported to be smaller than
Frohman, M. A., Martin, G. R., Cordes, S. P., Halamek, L. P., andnormal in the FGF-3 knockout mice (Mansour et al., 1993).
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